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Description 



BACKGROUND OF THE INVENTION 

This invention relates to sputtaring l«o«»« «~ ^ ^ ^ s P eci,ica " y 10 Nflh - pu,i,y C ° b3lt Cput ' 
"IhTn^S thic invention arc cuitably uood ao target mater,*,, to forming e,ec 

planted by silicldee of mnlybdanwn. tungsten. etc. with th* tendency toward larger ^Mfq^Mw^** 
Sin! Vnd coban silicic i S new drawing the attention of the art Also, attempts are be Ing m da to ^ 
material for conductive connection in ploco of tho commonly used aluminum and aluminum alloy*. Thaw ^odes 
and connections of cobalt and COball sillcide are typically formed by sputtenng a cobalt target in an argon ^« c P ho ^ 
In ordor that a aemiconductor member thus lumwi by sputtering Should ensure reliable sem.conduct.na per orm- 
ance. It Is important th*t the member contains a minimum, if any, of metallic impurities nonoua for semlconduului 
devices. 

Tho noxious impurilioo include: 

(1) alkali metals such as Na and K; 

(2) radioactive elements such as U and Th; and 

(3) transition metals such as ho. Ni. and Cr. 

Alkali metals such a* Na and l< migrate easily in gate inculator films, which can lead to deterioration of MOS-L5I 
interface characteristics. Radioactive elements such as U and Th emit alpha rays which can be respons.ble for coft 
firmrs of semiconductor componontc. Hoavy metals such as Pe. Ni. and Ci too can cause troubles Of interface connec- 

1,011 By the way. cobalt, which is a ferromagnetic malarial. Is subjected to a phenomenon of a tarrjfit nf cnbalt being mag- 
notized when put in a place where a magnetic field oxictc. 

Sputtering today Is In most cases carried out by a technique known as "magnetron sputtering", which does not 
merely involve the bombardment of a target by Ar* but accelerates Ar« concentration with tne help of a magnetic field. 
It means that a cobalt target is under the influence of the magnetic fiold in tho sputtering system. 

Tho principle of magnetron sputtering consists in setting a magnet at tha back nf a target to produce a magnetic 
field on th« front side of the target, and then capturing Ar + ion by dint of the magnetic field. The efficiency of Ar v captur e 
depends on how strong a magnetic field can be prorii iced on the target surface. 

Being a ferromagnetic material, the target is internally magnetized, allowing lines of magnetic force to run through 
Its inside where reluctance is Inw The internal magnetization thus reduces the number of lines that pass through to the 
target surface and Impairs the effective AT' capturing efficiency. Hp.nr.ft it poses the problem of low cputtoring rate, the 
inevitahlf* of a ferromagnetic target. 

In an eftort to CODe with this problem of a ferromagnetic target while in uco. it has been in practice to reduce the 
thickneec of tho target and enlarge the magnetic field that leaks out to the target Riiriar.fi This practice entails early wear 
and irequent replacement of the target. Among olhor drawbacks is a lowuliticuliun efficiency due to localized wear. ^ 

Japanese Patent Application Kokai No. 63-227775 aim* at decreasing tho permeability of ferromagnetic targets. To 
that end. it teaches performing plastic working up to 50 % at the final Staae ol lorming operatinn !o leave the deformation 
texture oehinrj and increase the internal stresses of the product target, Cobalt alloys and ferrous alloys are cited as 
examplos of target materials. 

Howaver, the proposal of plaetic worWng up to 50 % at the end of forming operation to leave a deformation terturo 
and increase the Internal Stresses Of the product target thereby to reduce its permeability, is too ruuyh and broad to 
meet the future demand for high-purity cobalt sputtering targets. Also, there Is a great likelihood of growing requirement 
for targets with increased thickness. It is because a thick oobalt sputtering target develops no camber and works Gfti- 
ciontly; these are major advantages to both the manufacturer and the user. In particular, with a high-purity cobalt target, 
the high material cost makes the efficient thick target advantageous. 

It Is an object of this invention, which ia directed to high purity cobalt sputtering targets, tu establish a technique tor 
manufacturing high-purity cobalt sputtering targets suited lor use in magnetron sputtering, with high sputtering rate and 
excellent taroet utilisation efficiency. 

Another ubject of ihl6 Invention is 10 provide thick. Wgh-purity cobalt cputtering targets ranging in thickness from 3.U 
lo 6.36 mm, typically from 4 to 6.35 mm. 
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|£ BRIEF SUMMARY OF THE INVENTION 

It hao now boon found, after our intonsivo efforts. Ihol the problems of the prior art can be so^od by working a high, 
purily cobalt inoot unrter certain specific condition; to form, without recrystallization. a target stiff retaining a deforma- 
j lion texture, with its permeability controlled so as to be within a specific low range in the direction parallel to a sputter 
surface and within a epecific high rango in Iho direction perpendicular to the surface, and particularly with its crystalline 
orientation controlled so that the ratio. Ipoa/lpoo). ol me X-ray diffraction peak intensity i (flrt ?) on the (002) plane to tne 
X-ray diffraction peak intensity l (t0O) on the (100) plane, is within a specific range. The discovery produces a marked 
improvement ovei the Patent Application Kokai No. 63-227775 that taught mar* plastic working up to 50 % at the final 
w stage of forming operation so as to leave the deformation structure behind in the target. 
On tho basic of tho above discovery, this invontion providec: 

(1) A high-purity cobalt sputtering target for thin film deposition characterized in that the permeability of the target 
is controlled so ac to be less than or equal to 12 in the direction parallel to a sputter surface and greater than or 

i5 equal to 36 in the direction perpendicular to the suriace; and 

(2) A high-purity cobalt sputtering target for thin film deposition characterized in tha; the permeability of the target 
is controlled so as to bo lo&s than or equal to 12 in the direction parallel to a sputter surface and greater lhan or 
equal to 36 in the direction perpendicular to the surface, witn tne ratio; l(on?/i(innj, of tne X-ray diffraction peak 
intensity l (0 02) on the (002) plane to the X roy diffraction pool* intonsity lpou) on the (100) plane being either 

20 I(oo2/I(ioo) £ 4 °n the soutter 6uriace or l(ooa/l(too) < * on ,hQ surface perpendicular to the sputter Riirtaca 

The high-purity cobalt sputtering target according to (1) or (2) abovo consists of. praforably, up to 0.05 ppm sodium, 
up to 0.05 ppm potassium, up to 10 ppm each iron, nickel, and chromium, up to o. 1 ppb uranium, up to 0. 1 ppb thorium, 
desirably up to 60 ppm carbon, desirably up to 100 ppm oxygen, and the remainder cobalt and- unavoidable impurities. 
25 The high-purity cobalt sputtering larget according to (1) or (2) shove may have a thickness ranging from 3.0 to 6.36 
mm. 

Further, this invention provides a method of manufacturing a high-purity cobalt cputtcring targot tor thin film depo 
sltion characterized by the steps ot plastically working a high-purity cobalt ingot at from 1 100 to 1200 °C and than (A) 
cold working. (8) warm working at a temperature below 450 ft C. or (C) cold working and then «&un woikiny at a tern.- 
30 peraturfi bftlow 4.S0 °C. to form a deformation texture and finally, without recrystallization. forming a target diroctly with 
the deformation texture. 

BRIEF DfcSCWKI ION UF THE DRAWINGS 

35 FIG. 1 show? a X-ray diffraction pattern on the sputter suriace of the target in Examplo 1 . 

no. z snows a X*ray diffraction pattern on the surface perpendicular to the sputter surface of iha target in P*ample 

i, 

NG. 3 shows a X-ray diffraction pattern on th« sputtw surface ol the target in Comparative Example 1. 
FIG. 4 shows a X-ray diffraction pattern on the surface perpendicular to the sputter surface ot the target in Compar- 
40 alive Fxample 1. 

DETAILED DESCRIPTION OF Tl IC INVENTION - - 

The term "hiyh-purity cobalt" as used herein means cobalt with a purity of 99.99 % or more, prftfarahly P.P 999 %. 

** thus containing a minimum, if any, of impurities noxious for semiconductor devices. II should have the least possible 
contents of alkali metals such as Na and K. radioactive atamanis such as U and Th, and transition metale euch ac Fo. 
Ni. and Cr. Alkali metals such as Na and K migrate easily in gate Insulators, leading to deterioration ot MUb-LSI inter- 
face characteristic*. Radioactive elements such as U and Th emit olpha rays responsible for soft errors of semiconduc- 
tor com iponents. Heavy metals such as Fe, Ni, and Cr too can cause interface connaclion trouhlas 

50 Tho target preferably includos up to 0,05 ppm sodium, up to 0.05 ppm potassium, up to 10 ppm each Iron, nickel, 
and chromium, uo to 0.1 ppb uranium, up to n 1 pph thorium, and the remainder cobalt and unavoidablo impurities. 

Cobalt of such a high purity can be obtained, e.g., by an elearorefining technique as taught in Patent Application 
Kokai No. 6-192874, any of combined elcctrorcfining- solvent extraction processes as in Patent Application Kokai Nos. 
6- 192679 ana 7-3468, a combination of anion exchange and Aither electrowinning or elearorefining as in Patent Appli- 

55 cation No. 7 e0830 or 7-0003L Where necessary, the process may be followed by vacuum melting sucn as electron 
beam melling. 

For example, Patent Application No. 7*80831 proposes the manufactura of higtvpuriiy cobalt by ©lectrorefining. 
with subsequent vacuum melting ouch as EB melting as needed This refining process comprises contacting an aque- 
ous coDait Chloride solution with a hydrochloric acid having a concentration of 7 to 12N with an anion exchange recin 
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for adsorption of cobalt, eluting cobalt from the resin using 1 to 6N hydrochloric acid, evaporating the resulting aqueoudl 
solution to dryness or concentrating the same, forming an Aqueous solution of high-purity cobalt Chloride with pH 0 io 

b. and carrying out etecuoreflnlng using me aqueous solution as the electrolyte. 

Carbon, oxyyen. and uthet gaseous contacts In targets are considered undesirable booause thoy roiso tho electric 
resistance of the film formed by deposition and have adverse effects upon the surface profile or configuralion of the film. 
II was founo that during the course of eiectroreiming certain oraanic matter can dissolve uui in small «muuru$ from Hie 
anion exchange resin, mix with the electrode solution, and the mixturo in the form of carbon, oxygen, and other gase- 
ous components can find its way into the target, when the anion axrhange-electfcretinlno process is combined with 
activated carbon treatment and followed, where necessary, by vacuum melting, the gaseous contents of carbon, oxygen 
and tho llko ora rcducod ac well qc alkali metals, radioactlvo elements, and transition metals as impurities. Thus it is 
now possible to manufacture high-purity cobalt for sputtering targels in a large Quantity, easily In stable operation at la// 
cost. In this way a high-purity cobalt sputtering target is obtained which comprises up to 0.05 pom sodium, up to 0.05 
ppm potassium, up to 10 ppm each iron, nicks', and chromium, up to 0.1 ppb uranium, up to 0.1 pph thorium, up to .SO 
ppm, preferably up to 10 ppm. carbon, up to lOQ ppm oxyaen. and the remainder cobalt and unavoidable impurities. 

In order that the high-purily cobalt thus obtained may have a permeability rango ac decirod. it is only noceeeary to 

c. nntrnt its crystalline orientation (deformation toxtuf e) and residual wooing strain amount. 

(1) Cryctallinc orientation (deformation texture) 

A texture of material that exhibits highly anisotropic orientation Immediately after cold working is known as a defor- 
mation or working texture. Cobalt, with a hexagonal structure at ordinary temperature, can be made anisotropic by cer- 
tain working. To be more concrete, it is possible to create a deformation texiur e in which the (002) crystallography plane 
along the rolled curfaoo fo highly oricntod and tho (100) plane perpendicular to the (002) plane, or vortiool to tho rollod 
surface, is also highly oriented, it is known, by the way. that the degrfia to which a given malerial is magnetized, in terms 
of the atomic level, varies with the cry&taliogr&phic directions. In viyw of this, the end Is attained by working the material 
in such way that the easily magnetizablo direction (whero tho permeability p is high) agrees with tho direction porpon. 
dfcuiar to tne sputter surface and the hardly magnetizable direction (where the permeability a is low), parallel to tne 
sputter surface, in other words, the material has only to be worked under orientation control such that the easily mag- 
netizable direction of cobalt, nr Ihn riirar.tinn nf the <00? * axi*. comes to be perpendicular to the Sputter surface and the 
ha'dly magnetizable direction, the O01 > or OOO / axis direction, parallel to the spuner surface. It Is Important with cobalt 
to take the advantage of the orientation of its deformation tcxlurc that ic cuitod fcr the pcrmoability control undor the 
invention, i.e.. to use it as it is. without heat treatment, thus retaining its deformation texture. (If instead it is heat treated 
at a given temperature after cold rolling, cobalt will no longer have the deformation texture but will obtain a reuystatli- 
?afion structure with a different orientation. This would be unwarranted for tho purpose of permeability control at which 
the Invention Is aimed.) 

The target co manufactured ic desired to hevo a ratio, ^uoz/^iuuj' of * n s X-ray diffraction peak intensity lfoo2) on the 

(002) plane to the X-ray diffraction peak intensity l (t00 ) on the (inO) plane, of eiiher Ijoos/'poo) 6 4 nn the sputter surface 
or l(002/ ( O0G) * 1 on tne surface perpendicular to the Sputter surface. 

Thus, the deformation texture (crystalline orientation) inherent in cobalt is uiifijod to control the permeability values 
of tne resulting target; to De less than or equ3l to Yd in the direction parallel to a sputter surface and greater than or 
equal to 36 in the direction perpendicular to the surface. 

(2) Working strain 

To dispense with heat treatment means leaving the working strain unremoved. Th« working strain too is contribu- 
tory to the reduction of permeability. Magnetization of material generally involves the movement and rotation of domain 
walls. Working strain and induced dislocation ad to hamper the movement and rotation. Tho cryclatllno orientation 
being the same, the strain-free state and the strained state difler in tne permeability value, and internal strain rwiuc** 
the permeability sharply. * 

A target with desired Dermeaoility can, therefor a. be mada by making the most of the deformation texturo in which 
the (002) plane along the rolled surface i& highly otienteU and the ( 100) plane perpendicular to the (002) Diane, or ver- 
tical to the rolled Surface is Also highly oriented, and, without prior hoot treatment, machining the deformation texture 
as it Is, with the working strain left unremoved. 

In accordanco with tho invontion. a target is manufactured by a sequence of operation* ur i an ingot formed by elec- 
tron beam melting: hot forging, hot rolling, descaling (removing surface oxides), cold rolling or reheating to a suitable 
temperature and warm rolling lo a target thickness, machining (circumferential and surface machining) to the final target 
dimensions, and bonding. The sequence, of courco, is not limited to the steps mentioned, but many variations are pos- 
sible. For example, tne hot forging may oe replaced by hot rolling. Also, after descaling, the r.nld rolling may be done, 
e.g.. to 20 % of the objective thickness roduction. followed by warm lulling at 400 r C down to the final thickness. The 
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(fe last-mentioned procedure is highly Affective for permeability control. 

Thus, a high-purity cobalt sputterina target with a permeability of iocs than or «|uaI to 1 2 in the direction parallel to 
a sputter surface and greater than or equal to 36 in the diction perpendicular to the surface is manufactured « two 
ways: (1) plastically working (forging or rolling) a high-purity cobalt ingot at from 1 100 to 1200 *C, cold work.ng or warm 

, working beiow 450 °C. ana thereafter, without recrystallizaiion. forming a target directly with the deformation texture, or 
(2) plastically working (forging or rolling) a high-purity cobalt ingot at from 1100 to 1200 *C. cold working and worm 
working hAlow 450 °C " unrf thereafter, without recrystallizaiion, forming a target directly with the deformation texture. 
Tne warm working temperature is specified to bo boiow 450 °C. because a higher temperature can undesirably trans- 
form the deformation texture into a recrystallization texture. 

\o Controlling the crystalline orientation and working strain in the wayc described above and siting the permeability 
values within the desired ranges render it possible to enlarge the magnetic field thai leaks out to thy sputter surface of 
tho target. This in turn leads in improvements in the sputtering rate and the efficiency of targot utilization. In addition, 
thicker targets man heretofore, of 3.0 mm or greater thicl<noce, particularly between 3.5 mm and 6.36 mm or even more, 
can be obtainod. 



ss 



EXAMPLES 



(Example l) 

20 A high.pt/rify cobalt ingot with reduced impurity contents (measuring 80 mm dia. and 120 mm long) was made by 
eiectroreHniriy and E8 melting. Hie high-purity cobalt Ingot co obtainod was heated tn 1 150 *C and forged to a shape 
of 240 mm cquare and 10 mm thick. This fcygflrl plate was heated to 1 100 "C, hot rolled to 295 nun square and 0.5 mm 
thick, lightly freed trom.a surface oxide layer by a grinder, and cold rolled to a thicknccc of 5.0 mm. Thg roiled sheet with 
orientation thus controlled was diroctly machined, without prior heat tmatmftnt. to a blank target (300 mm dla.). The 

ss blank was lightly facerfon both sides, and at the point when the sheet was 4 nun thick, it was bonded to a backing chect. 
Tne Dondlng was followed by fur ther facing of the target surface to obtain a 3 mm-thlck sputtering largfll. Tha final facing 
has to be preceded by bonding to the backing sheai. hacause facing to the eventual tnickness of 3 mm before bonding 
would warp the target to an unoondable degree. 

(Example 2) 

The eame EB-mcItod ingot ac uced in Example 1 was hot forged find hot rolled in the Same manner. After descal- 
ing, tha work was warm rolled at 400 °C to a tnickness of 5 mm. The rolled sheet thus controlled in orientation, without 
subsequent Heat treatment, was finished in tho manner described in Example 1 to a 3 mnvthick sputtering target. 

OS 

(Example 3) 

The FB-mfiltfid ingot of Example 1 was hot lorged to dimensions of 240 mm square arid 10 mm thick and hot rolled 
to 263 mm square and 8 mm thick. The work was descaled, cold rolled to a 7.7 mm thickness, and warm rolled at 400 
'o °C to 5 mm thick. The rolled sheet with controlled orientation was finished without heat treatment, as in Example 1. to 
a 3 mnvlhick sputtering target. 

(Example 4) 



*o Here is illustratod an example of manufacturing a 4.0 mm-thick target. An EB ingot 80 mm dia. and 138 mm long 
was maria. It was hot foroed to a plate 240 mm square and 12 mm thick, hoi rolled to 292 mm square and 8.1 mm thick, 
Unsealed, cold rolled to 330 mm square and C.1 mm thick, and finally, without heat treatment, it was finished to a 4.0- 
mm thick target. 



so (Example 5) 



Another example of manufauluib of a 4.0 mm-thick target Is given. An EB ingot 80 mm dia. and 138 mm long was 
made, and it wac hot forged and hot rolled to a plate 260 mm square and 10 mm thick. After descaling, the plate was 
cold rolled to 290 mm square and 7.7 mm thick, warm rolled at 400 # C to a thickness of 0 mm, and then, without heat 
53 treatment, it was finished to a target 4,0 mm thick. 

(Example 6) 

This is an example of manufacture ot a 6.35 mm-thick target. An EB ingot 80 nun dia. and 175 mm long was made 
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and hot forged and ho: rolled lo a plate mm square and 13 mm thick. The pUia wae descaled, cold rolled to 291 
mm square and 10 mm thick, worm rolled at 400 C C to a thickness of 8.2 mm. and was finished withnwt h«at treatment* 
to a targe! fi.3.5 mm thick, 

(Example 7) 

A high-purity cobalt Ingot whose gaseous impurity contents were (educed as well as solid impurities was made by 
anion exchange- eloctrordining procos3 combined with an activated carbon treatment and followed by EB melting. Thb 
E8 inoot was workftd in ihe same way as described in Examplo 1 and was made into a similar 3 mm-thick sputtering 
target. 

(Comparative Example i) 

Similarly to Exampio 1, a high-purity cobalt ingot (80 mm die. and 120 mm lurry) with reduced impurity contents was 
made by electroreflnlng and EB melting. The high-purity cohaH ingot was heated to 1 150 °C and forged to h plate 240 
mm cquoro and 10 mm thick. This forged plate was heated to 1 100 W C and hot rolled tn 295 mm square and 6.6 mm 
thick, and after lioht removal of its surface oxide layer by a grinder, the work was cofd lolled to a thickness of 5.0 mm. 
The cold rolled sheet was heat treated Qt 850 *C, After the heat treatment, the sheet woo machined in the manner 
described in Exampio 1 to a target diamclor (300 mm dia.), lightly ground on both Stdes to a thickness of 4 mm, when 
U was bonded to a backina plate, rollowino Iha bonding, the target curface was further machined and finished till a 3 
mm thick sputtering target was obtained. This example differs in procedure frnm Pxample 1 tn that tho cold rolling wad 
followed by lhA hr>Af fr^tmont at 850 °C. 

(Results) 

The sputtering targets thus obtained were analyzed for their impurity contents. The resulic are given in Table I. 
[Table 1] Fc N . ct . Na K u Th 

Examples 1-6 

& Cornp.Ex. 1 0.2 0.2 0.2 <0.05 <.0.05 <0.01 <0.01 

Fe Ni Or Na K U Th CO N H 

I\V*mp.l<? 7 0.2 0.2 0.2 <0.05 <0.05 <0.01 <0.U1 6 00 2<0.1 

(in ppm; U and Th in ppb) 



With the target of Example 1. its X-ray diffraction pattern of crystallogrophio planes aloo{/ the sputter surfac* Ic 
shown .n FIC3. 1 and its pattern perpondicular to the sputter surface In F lG. 2. With Jhn target of Comparative Exairiple 
1. its X-. a y diffraction pattern along the sputter Rl ,rfece is 6 how n in FIG. 3 and its pattern perpendicular to tho eurfaco 

in FIG. A. 

With the sputtering targets of E^mpios i through 7 and Compa.atlve Example 1. their permeabilities in the direc- 
t.on parallel to. and perpe^icula. to. the sputter surfaces were measured. A. 50l the ra.ios. I, 00?) / l M00) . of tha X-ray drf. 
fract.on peak mtens.ty l (002 , on Ihe (002) plane to the X-ray diffraction peak in.ensity I ' on the (100) plane were 
maasuied. Table 2 snows me results. v ' ' v 

Further, the sputtering targets of Exa.nples 1 tnrough 7 and Comparative Example J were used In magnetron Rout- 
tenng and tested for their f.lm rinpos.hon capacity. Their spurring rates achieved in sputtering runa under identical 
condmons are comparee hn i TaUe 3. As for the sputtering condition, the ga3 pressui -e used was 0.5 Pa (3 8 mtorrc) and 
6putlenng power wac 3.0 W/cm<\ ' 
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[Tablo 2] 



Target permeability and orientation values 






p (parallel to Ui*3 sputter 

Surface) 


\x (porpendicular to the 
emitter surface} 


l(002/ ! (inn) (along 
apultor surface) 


'(OOz/'ciouj (porpendic- 
ular to the sputter sur* 
face) 


Example 1 


10.0 


50.0 


13.0 


0.30 


Example 2 


11.5 


45 0 


12.0 


0.50 


Fxampls 3 


y.u 


55.0 


P4.0 


0.25 


Example <1 


10.0 


50.0 


18.0 


0.30 


Example 5 


7.0 


55 0 


25.0 


0.25 


FyampiG 6 


7,0 


55.0 


?6.0 


0.25 


Examplo 7 


10.0 


bO.O 


10-.0 


0.30 


Comp.Ex.1 


30.0 


28.0 


<0.1 


<0.1 



[Table 3) 



3puttering rates 




Sputtering rate. A/sec 


Remarks 


Example 1 


13 


Film deposition on mass production line possible. 


Examplo 2 


n 


Film dcpocilion on mass production line possible. 


Examplo 3 


18 


Film deposition on mass production line possible. 


Example 4 


8 


Film deposition on mass production lints possible. 


Example 5 


10 


Film deposition on mass production line possible. 


Example 6 


6 


Film deposition on mass produolion lino possible. 


Examplo 7 


13 


Film deposition on mass production liny possible. 


Comp.Ex.l 


O 


Film deposition practically impossible. 


Nolo: 

Cobalt sputters slowly computed with nonmagnetic targotc. However, the Co films retired generally are 
thin enough to justify the use of such sputtering rates as listed here tor ordinary production lines. 



A 30 nnvthick film was d*»noKitfiri using the target Of Example 7, and its electric resistance woe determined to bo 
35n 12 1 cm as deposited. The film upon annealing at 700°C exhibited a low resistance of 10ji CI • cm. 

The high-purity ooball fluttering targets for thin film deposition according to trils Invention achieve high sputtering 
rates because their permeabilities in the direction parallel lu the sputter surface aro mado low and in the direction per- 
pendicular to the surface high. Localized wear Is reduced and honce the efficiency of target utilization is great. Since it 
Is possible to increase the thickness, the targets are free ol the warping problem und call for less frequent replacement. 
The extremely low impurity levels maKe the taryyts" suitable for use in forming olcctrodes and interconnections of VLSI 
circuits. 

Claims 

1. A high-purity cobalt sputtering target for thin film deposition characterized in that the permeability of the target is 
controlled so a5 to bo leas than or equal to 12 in the direction parallel to a sputter surface and greater than u* equal 
to 36 in the direction perpendicular lo Ihe surtace. 
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A high- purity cobalt sputtering target for thin film deposition characterized in that the permeability of tho targoi 
controlled so as to be less than or equal to 12 in tho diroction parallel to a sputter surface and greater than or equal 
to 36 in the direction perpendicular t the surface, with the ratio, IfooaAtooj. °* ,he *" ra >' diffraction peak Intensity 
I(oo2j ° n (002) plane to the X-ray diffraction peak intensity l (100) oh the (100) plane Deing either l (0 03) "(Too) * 4 
on the sputter surface* or \coz^\w} < 1 on the surface perpendicular to the sputter surface. 

A cputtering target according to Claim i or 2 wherein the target consists of up to 0.05 ppm sodium, up to 0.05 ppm 
potassium, up to 10 ppm each iron, nickel, and chromium, up to 0.1 ppb uranium, up to 0.1 ppb thorium, and the 
remainder cobalt and unavoidable impurities. 

A sputtering target according to claim 1 or 2 wherein tha larrjGt consists Of up to 0.05 ppm sodium, up to 0.05 ppm 
potassium, up to 10 ppm each iron, nickel, and chromium, up to 0,1 ppb uranium, up to 0.1 ppb thorium, up to 50 
ppm carbon, up to 100 ppm oxygen, and the remainder cobalt and unavoidable impurities. 

A cputloring targAf According to any Of claims 1 to 4 wherein the thickness of the target ranges from 3.0 mm to 6.36 
mm. 

A method of manufacturing a high-purity cobalt sputtering, target for thin film deposition that is defined In tuiy of 
claims 1 to 5. characterized by tho cteps of plastically working a hign-purlty cobalt ingot at from 1 100 to 1200 °C 
and oold working to form a deformation texture and thereafter, without recryctaliizalion, forming a target directly 
with the deformation texture. 

A method of manufacturing a higlvpurlty cobalt sputtering target for thin film deposition that ifi defined in any of 
Claims 1 to 5, characterized by the stepc of plastically working a hrgh-purity cobalt Ingot at front 1 100 to 1200 °C 
and warm working at a temporalis below 450 °C to form a deformation texture and thorcafter, without recrystalii- 
ration, forming a target directly with the deformation texture. 

A method of manufacturing a high-purity cobalt sputtering target for thin film deposition that Is defined in any of 
claims 1 to 5, characterized by the steps of plastically working a high-purify cobalt ingot at from 1 100 to 1200 C C, 
cold working and thon warm working at a tamparature below 4&0'*C to form a deformation texture and finally, with: 
out rocrystallization. forming a target directly with the deformation toxturo. 
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